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(Dept. Energy Eng. Sci., Nagoya Univ.), Nishimura, S., 
Nomura, I., Matsuoka, K. 
We are now planning to construct a quasi-
axisymmetric stellarator, CHS-qa, as a candidate for 
the next satellite machine at NIFS. CHS-qa has less 
toroidal viscosity resulting from its Tokamak-like con-
figuration. The most important motivation to choose 
this configuration is a possibility of transport barrier 
formation by shear of radial electric field driven by large 
plasma rotation due to low toroidal viscosity like Toka-
maks. 
According to neo-classical theory, parallel viscosity 
d epends strongly on a magnetic field configuration, 
namely, it is proportional to the square of field ripple 
strength , defined by 
where aB / as denotes a derivative of field strength along 
flow direction, and ( ) means taking flux surface aver-
age.1) This quantity, enables us to estimate quanti-
tatively dependence of viscous force on field structure. 
Therefore we have written a small program to calcu-
late , from the results of VMEC2 ) (fixed boundary) 
and compared results for representative configurations 
of CHS-qa and CHS. 
Figure 1 shows pitch angle dependence of field rip-
ple strength, in a representative CHS-qa configuration 
(2w39) having an aspect ratio of 3.9 and a toroidal field 
period of 2. Actual plasma flow pattern on a flux surface 
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Fig. 1. Pitch angle dependence of magnetic field ripple 
in the representative CHS-qa configuration (2w39) . 
is expected to take on complicated structure. However, 
for simplicity of calculation, we have fixed a pitch an-
gle of flow direction in real ¢-() angle coordinates when 
we take a flux surface average. Ripples due to discrete-
ness of mod ular coils are not taken into account in this 
calculation. 
In the ideal Tokamak, , becomes maximum in 
poloidal direction (90°) and zero in toroidal direction 
(0°). In CHS-qa, however, toroidal , is finite, and 
the angle to minimize , deviates from 0° unlike Toka-
maks. This result is mainly due to the incompleteness 
of toroidal symmetry in CHS-qa. Though toroidal par-
allel viscosity is finite, toroidal , in CHS-qa is less than 
0.1 m -1 for all flux surfaces. This indicates that parallel 
viscosity is so small that anomalous perpendicular vis-
cosity determines toroidal rotation velocity in CHS-qa. 
On the other -hand, in a representative configuration 
of CHS (Rax =92.1 cm), pitch angle to minimize, is 37° 
for the outermost flux surface. This angle agrees well 
with the pitch angle of the helical windings of CHS. The 
absolute values of , are about one order larger than 
those in CHS-qa, which means large parallel viscosity 
due to field ripples prevents fast plasma rotation. 
Figure 2 shows dependence of toroidal , on minor 
radius for CHS-qa (2w39) and CHS (Rax =92.1 cm). As 
shown, in CHS-qa , is drastically reduced by a factor 
of 5- 20 rather than that in CHS. We have confirmed 
that toroidal parallel viscosity in CHS-qa is low enough 
to allow fast toroidal plasma rotation in spite of three 
dimensional field structure. 
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Fig. 2. Dependence of toroidal field ripples on minor 
radius in CHS-qa (2w39) and CHS (Rax =92.1 em) . 
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